Chlorella pyrenoidosa cells grown on 5% C02 excreted glycolate when incubated in light with 10 mM bicarbonate, but excreted no glycolate under the same conditions when they were maintained on air for 7 hours prior to the assay. Incubation of 5% C02-grown and air-grown cells with 10 mM isonicotinyl hydrazide or 10 mM a-hydroxypyridinemethane sulfonate during the assay stimulated the excretion of glycolate by C02-grown cells severalfold that of air-grown cells.
Under certain conditions, a number of green algae excrete a large proportion of photosynthetically fixed CO2 as glycolate (10, 14, (17) (18) (19) 20) . In all cases where glycolate excretion has been found, the cells have been grown on high levels of CO2 (0.2-5%) followed by measurement of glycolate excretion at lower CO2 levels and higher light intensities. For instance, Watt and Fogg (21) showed that Chlorella pyrenoidosa cells grown on air rather than CO2-enriched air failed to excrete glycolate under assay conditions where high C02-grown cells excreted large amounts. Nelson and Tolbert (15) were able to convert Chlamydomonas reinhardtii cells, grown on 1% C02 in air and having a high rate of glycolate excretion under assay conditions of 6.5 mM bicarbonate in the light, to cells incapable of excreting glycolate under these same conditions. This conversion was accomplished by bubbling the 1% CO2-grown cells with air for 20 hr preceding the measurement of the excretion rate. During the aeration period, they reported an increase in the level of glycolate-DCIP2 oxidoreductase activity concomitant with the decrease in the glycolate excretion rate and suggested that these two events were causally related. Similarly, Codd et the medium by centrifugation at 5OOg for 5 min followed by further centrifugation of the supernatant at 10,000g for 15 min. Glycolate in the medium was estimated using the method of Calkins (1) .
Uptake and oxidation of "4C-glycolate by intact cells was determined by the methods of Miller et al. (13) . The activity of glycolate-DCIP oxidoreductase was measured in crude homogenates in the presence of DCIP by determination of glyoxylate formation as described by Grodzinski and Colman (8) . The crude enzyme preparation was made by the method of Nelson and Tolbert (16) .
RESULTS AND DISCUSSION Glycolate Excretion. Chlorella cells grown on 5% CO2 in air excreted large amounts of glycolate into the surrounding medium when harvested from the growth culture and incubated in light with bicarbonate ( Fig. 1) . However, 5% CO2-grown Chlorella lost this characteristic over 4 to 7 hr when the growth culture was put on air-bubbling (Fig. 2) . This finding agrees with the results of Nelson and Tolbert (15) . Cells grown on (Fig. 1) . It has been well established that INH greatly stimulates the rate of glycolate excretion by Chlorella cells grown on 4% CO2 in air (17) . Nelson and Tolbert (15) have shown that INH also stimulates glycolate excretion by air-grown Chlatnydoinonas and have used this observation to suggest that lack of glycolate excretion by air-grown cells is not due to lack of formation of glycolate, but no comparison was made with the effect of INH on 5% CO2-grown cells. The increase in glycolate excretion in 5% C02-grown Chorella caused by INH was considerably greater than that in air-grown cells (Fig. 1.) Similarly, HPMS caused an increase in excretion by 5% C02-grown Chlorella greater than that in air-grown cells presumably due to the inhibition of further metabolism of glycolate (Fig. 1) . HPMS is an inhibitor of glycolate-oxidizing enzymes of both higher plants (23) and algae (8) and has been shown to stimulate glycolate excretion in algae (2, 3, 6, 12) . These results support the finding that air-grown cells produce glycolate while not excreting it (15) , but also show that 5% CO2-grown cells produce considerably more glycolate than is excreted and in tact do metabolize more glycolate than cells grown only in air. This is inconsistent with the concept that the activity of an enzyme of further glycolate metabolism, e.g. glycolate-DCIP oxidoreductase limits the utilization of glycolate in the cell and is the cause of massive glycolate excretion (15) .
Glycolate oxidation. The activity of glycolate-DCIP oxidoreductase was assayed in cells grown on 5% CO2, the culture was divided, and while one-half was maintained on 5% C02, the other half was transferred to air. After 12 hr under these conditions, the activity of the enzyme in the cells of the two cultures was again determined (Table II) . These data indicate that even after 12 hr on air, when massive glycolate excretion can no longer be observed (Fig. 2) , there are no marked differences between the level of the glycolate-oxidizing enzyme in air-grown and 5% C02-grown cells. In all these assays the initial rate of reaction was proportional to protein concentration. Similar to other studies (3) (4) (5) 15) , these determinations necessitated the use of an artificial electron acceptor, a procedure which may not accurately reflect the in vivo activity of this enzyme. Although the natural hydrogen acceptor for this reaction is not known (4, 9, 16) , the use of artificial electron acceptors indicates little difference in the activity of this enzyme in response to CO, concentration. In order to obtain some measure of the in vivo activity of this enzyme, the ability of whole cells to oxidize exogenous glycolate to CO2 in the dark was examined. Similar to bluegreen algae (13) , Chlorella oxidized most of the supplied "Cglycolate to "CO2 in the dark and this oxidation was inhibited by the addition of 10 mm HPMS to the cells. The rate of glycolate oxidation by cells of a culture grown on 5% CO2 was determined and then subsequently determined periodically for a further 12 hr after half of the culture had been transferred to air. At low concentrations of carrier glycolate, over 90% of the "C-glycolate taken up by the cells was oxidized to "CO2 in the dark. In these experiments a high concentration of carrier was used so that the rate of oxidation not the rate of uptake by the cells would be the limiting rate and under these conditions only 50 to 60% of the "C-glycolate taken up by the cells was oxidized to "CO2-Over a period of 12 hr after the transfer of cells to air, the rate of glycolate oxidation did not change markedly and did not differ significantly from that of cells maintained on 5% CO2 (Fig. 3) . In addition, the rate of uptake and incorporation of radioactivity from "C-glycolate by cells remained relatively constant over this same 12-hr period, both in cells maintained on 5% CO2 and those adapted to air. The rate of growth of the culture during the course of this experiment was similar to that normally observed in log phase cultures of this alga. Such a constant growth rate over this period indicates that nutrient supply was adequate and that the inability to observe a change in enzyme levels (Table II) or in rates of glycolate oxidation (Fig. 3) is not due to nitrogen limitation (5).
The data indicate that the oxidation of glycolate is not affected by changes in the concentration of CO2 supplied to the algae, and that in cells grown either on high or low CO2 more glycolate is being metabolized by the cells than is being excreted. Since algal cells when maintained at the same CO2 concentration under which they were grown excrete little glycolate (17, 18, 21) , excretion appears to be a temporary phenomenon occurring after a transfer of cells from a high to low CO2 concentration. Excretion may therefore result from a concomitant change in the rate-limiting step of the reductive pentose cycle causing an increase in the rate of glycolate synthesis due to the breakdown of a glycolate precursor (22) . Cessation of excretion would then occur when the pool of glycolate precursor had been depleted. Alternatively, excretion may be due to a lack of available CO2 for photosynthesis, since it has been demonstrated that carbonic anhydrase formation is suppressed in Chlorella and Chlamydomonas grown on 5% CO2 and after transfer of these cells to 0.03% CO2 photosynthesis is inhibited for 90 min (7) . These conditions would favor the formation of excessive amounts of glycolate and the induction of carbonic anhydrase would cause a subsequent decrease of glycolate formation and the cessation of excretion.
While changes in levels of glycolate-DCIP oxidoreductase occur in response to changing C02 levels (4, 15) , these changes, especially those reported for Chlorella, are not of a sufficient magnitude to account for the cessation of glycolate excretion. The control of glycolate excretion in Chlorella may be due to CO2 concentration, not by a direct effect on glycolate-DCIP oxidoreductase, but by its effect on enzymes which directly or indirectly control the synthesis of glycolate.
